The numerical computation of orbits in celestial mechanics can be performed by applying Urabe's method for the Galerkin procedure. High order Galerkin approximations are computed for two examples: Hill's variation orbit of the moon and the orbit of an artificial earth satellite. Excellent agreement with known results is obtained.
I. Introduction
In £1-2]] Urabe introduced a complete criterion for the study of periodic solutions of certain periodic non-linear ordinary differential equations. This procedure permits to compute high order Galerkin approximations with a very high precision by applying Newton's iterative method and using an electronic computer, to discuss the existence and the stability of an exact isolated periodic solution in a small neighborhood of a numerical computed Galerkin approximation and to determine the error bound of this Galerkin approximation. Urabe £2-3] applied this method to a highly nonlinear equation which had been first studied by Cesari £4] using a different existence analysis more topological in character, to a weakly non-linear van der Pol equation, and also to a Duffing equation in order to determine a subharmonic solution. Bouc £5] reexamined these examples under a different viewpoint taking into account the symmetry of the considered equations. In £6-10] we applied Urabe's complete method to coupled Duffing equations with two degrees of freedom. In all these examples the right hand side of the considered system x = X(x, x, t) is a polynomial in x and x with periodic coefficients.
The purpose of this study is to show that high order Galerkin approximations can be obtained without difficulties by Urabe's method when X(x, x, t) has no longer the mentioned properties. This is especially the case for perturbed Keplerian motion in celestial mechanics. As an illustration we compute Galerkin approximations of high order for Hill's variation orbit of the moon and for the orbit of an artificial earth satellite. The numercial results are in excellent agreement with known results obtained by Hill [11] [12] .
Galerkin Approximations by Urabe's Method
We consider a real periodic differential system of the form
where x, x and X(x, x, t) are vectors of the same dimension and X(x 9 x, t) is periodic in t with period 2n. A dot means differentiation with respect to t. We seek an approximate periodic solution of (2.1) with period 2n represented by a trigonometric polynomial of the form
The unknown coefficients a v are determined by a balance procedure applied to the following equation This method to determine the coefficients of the approximate solution (2.2) of the system (2.1) is the Galerkin method (see also [13] [14] [15] [16] [17] 
3* Hill's Variation Orbit
Hill's equations for the motion of the moon in a rotating coordinate system can be written as p. 1-1 2] Although X l and X 2 do not contain t explicitly, we may look for approximate periodic solutions of (3. 
Artificial Satellite of the Earth
The *!(*) = 0.99982458758998 cos t + 0.00017515869991 cos 3 t -0.00000001878087 cos 5 t + 0.00000000000276 cos 7 t + 0.00000000000000 cos 9 t x 2 (t)= 0.00000000000000 sin t + 0.00000000000000 sin 3 t + 0.00000000000000 sin 5 t + 0.00000000000000 sin 7 t + 0.00000000000000 sin 9 t Xz(t) = 0.99970759298578 sin t + 0.00017516895755 sin 3 t -0.00000001878254 sin 5 t + 0.00000000000276 sin 7 t + 0.00000000000000 sin9*.
The two examples clearly show that Galerkin approximations of high order for perturbed Keplerian motion in celestial mechanics can be computed with a very high precision by applying Urabe's method for the Galerkin procedure.
